CLAIMS: 



1. AViethod of modifying the activity of the heart, or of a portion thereof, comprising 
applying to said heart, or portion thereof a non-excitatory electric field of a magnitude, 
shapes duty cycle, phase, frequency and duration suitable to obtain the desired change, 
wherem said field is applied at a time such as to be unable to generate a propagating 
action potential. 

2. A niethod\according to claim 1, wherein the portion of the heart to which the non- 
excitatory field is applied is a heart chamber. 

3. A method according to claim 1, wherein the non-excitatory electric field comprises an 
alternated currentNelectric field. 



4. A method according\to claim 1, wherein the non-excitatory electric field has a temporal 
envelope selected from exponen^al^temporal envelope, sinusoidal temporal envelope, 
square temporal envelope, Jrtangular temporal envelope, ramped temporal envelope, 



sawtooth temporal envelope and biphasic temporal enve 



ope. 



5. A method according4o clairal, wherein the desired change is an increase of the force of 
contraction of said/heart, hj^art chamber or portion thereof. 



6. A method according y6 claim 1, Vherehi jhe^ e 
volume of a chamfb^r of the heart 



change is an increase of the stroke 



7. A method according to claim 1, wherein the desired change is an increase of the output 
flow of a chamber of the heart. 



8. 



A method according to claim 1, wherein tW 



desired change is a change in pressure. 



-2- 




9. A method according to claim 8, wherein the pressure is end diastolic pressure or end 
systolic pressure of a chamber or aortic pressure. 
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\ A method according to claim 1, wherein the desired change is a change of the heart rate. 



11. A method according to any one of claims 1 to 10, comprising sensing the activation of a 
pdrtion of the heart at a suitable location, and thereafter calculating or estimating 
thertefrom the activation time of the portion of the heart the activity of which it is desired 
to modify. 

12. A metho\i according to claim 11, further comprising deterniining the delay at which the 
non-excita\ory electric field is to be applied from said activation time. 

13. A method according to any one of claims 1 to 12, wherein the portion of the heart the 
activity of which it is desired to modify comprises a plurality of sub-portions having each 
independently dekned activations, and wherein separate non-excitatory electric fields are 
applied to a pluraHtv of said sub-portions, in^enden^or in synchronization with one 
another. 



14. A method according to aky one/f claims 1 to 13, wherein the activation of the heart, the 
heart chamber, or of portidns/4ereof, is obtained by pacing, and wherein the application 
of the non-excitatory electri^field is synchronized with the pacing signal and is effected 
with a timing relative to the pacing sig 

15. A method according to fany one 6f claims 1 to\3, wherein a, defibrillating signal is 
provided to the heart, and wherei/the application oNie noji4xcitatory electric field is 
synchronized with said defibrillating sig 



16. A method of performing cardiac surgery comprising applying to the heart, or to a portion 
thereof a non-excitatory electric field of a magnitude, shape, duty cycle, phase, frequency 
and duration suitable to control the electro-mecWnical activity of the tissue in the area on 
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which surgery is to be performed, wherein said field is-such as to inhibita propagating 
\action potential, and thereafter performing the required surgical procedure on said area. 

17. AWethod of performing cardio-vascular surgery comprising applying to the heart chamber 
or\to a portion thereof a non-excitatory electric field of a magnitude, shape, duty cycle, 
pnase, frequency and duration suitable to reduce the output flow, contractility, or pressure 
thereof, when surgery is performed on tissue perfused by the flow of said chamber, 
whereih said field is such as to be unable to generate a propagating action potential, and 
thereafter performing the required surgical procedure on said area. 



18. 



19. 



A method df reducing an output of a chamber of a heart, comprising applying to a portion 
of said heartXchamber a non-excitatory electric field of a magnitude, shape, duty cycle, 
phase, frequency and duration suitable to obtain the desired change, wherein said field is 
applied at a turfe such as to be unable to generate a propagating action potential, and 
wherein reducing ihe output of the chamber is obtained by reducing the reactivity of said 
portion, or its sensitivity, to an activation signal, or by reversibly blocking its conduction 
pathway. 

A method of treating aV abnormal activation of thd heart, particularly fibrillation, 
comprising applying to sajd\heart or to a portion thereof a non-excitatory electric field of 
a magnitude, shape an/duration suitable to treat the abnormal activation condition, 
wherein said field is s^fch as toV^^F to generate a propagating action potential. 



20. A method according to claim/1, wherein me electric field is applied at one or more of the 
positions selected from anwfog the group coWting essentially of internally or externally 
to the heart, within a blood vessel, inttamusculgdyTTalong the normal conduction direction 
or perpendicularly thereto. 

21. A method according to claim 1 whereinW electric field is applied using electrodes 
selected from unipolar electrodes or bipolar diectrodes. 




22\ A method according to claim 1 1, wherein the activation.is sensed by sensing a value of a 
parameter of an ECG, and wherein the activation time is estimated based on a delay value 
associated with the value of the parameter. 



23. A metb-od according to, claim 1 wherein the application of the non-excitatory field is 
repeated, during a plurality of heart beats, and wherein said repeated application is 
effected by skipping the application of the field to some of the beats in a train of 
consecutive heart beats, and/or by reducing the frequency at which the beats are skipped 
is gradually reduced, and/or by changing between beats the size of the portion of the heart 
to which the field is applied. 



24. A method of modifying the electro-mechanical activation of at least a portion of a heart, 
comprising mapping the activation profile of the portion, detennining the desired change 
in the activation, andNmodifying the conduction velocity in a non-arrhythmic segment of 
the portion, wherein thk non-excitatory electric field is of a magnitude, shape, duty cycle, 
phase, frequency and duration suitable to obtain the desired change. 



25. A method of modifying the\ctivation proj^e^ofat least a portion of a heart, comprising 
mapping the activation profile of sajd^portion, dete rminin g the yesired change in the 
activation profile and changmgNte/fefractory period of at least a segment of the portion, 
wherein the non-excitatory elecftic field is of a magnitude, shape, duty cycle, phase, 
frequency and duration suitable! to Obtain the desired change, and wherein said segment is 
selected from a segment that As not pWt ^fareentry circuit or an arrhythmia focus in the 
heart, a segment that is a parf of a reentry circuit\r an arrhythmia focus in the heart, or an 
ischemic segment. 




26. A method of modifying the activation profile of at least apoffion of a heart, comprising 
mapping the activation profile of said portion, dete rminin g the desired change in the 
activation profile and reversibly blocking thas activation of at least a segment of the 
portion, wherein the non-excitatory electric field is of a magnitude, shape, duty cycle, 
phase, frequency and duration suitable to obtainV the desired change, and wherein said 
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egment is selected from a segment that is not part of a-reentry circuit or an arrhythmia 
us in the heart, a segment that is a part of a reentry circuit or an arrhythmia focus in the 
heaVt, or an ischemic segment. 

27. A method of treating a segment of the heart which induces arrhythmias due to an 
abnormally low excitation threshold, comprising identifying the segment and applying 
thereto a\ desensitizing electric field such that said excitation threshold is increased to a 
normal rafige of values. 




28. A method according to claim 1, wherein the change comprises selectively and reversibly 
increasing orVeducing the contractility of one of the portions or ventricles of the heart 
relative to anotner portion or to the other ventricle. 

29. A method according to claim 1, further comprising determining a desired range of values 
for at least one parameter of cardiac^c^ty-aBd^nfrolling at least a local force of 
contraction of the heaAto mamtamsaid parameter within the desired range. 



30. Heart control apparatusycdmprising circuitry for generating a non-excitatory electric field, 
and electrodes for applying\o a heart or to a portion thereof said non-excitatory electric 
field, wherein said circuitry far ^neAting a non-excitatory electric field generate a field 
with a timing relative to the ^tivanob of the heart or of a portion thereof, and of a 
magnitude, shape, (duty cycle{ phase, frequency, and duration such as to be unable to 



generate a propagating action poteri 



31. Apparatus according to claim 30, 
electric field. 



comprising means for generating an AC non-excitatory 



32. Apparatus according to claim 30, comprising means for imparting to the non-excitatory 
electric field a temporal envelope selected from exponential temporal envelope, 
sinusoidal temporal envelope, square temporal envelope, triangular temporal envelope, 
ramped temporal envelope, sawtooth temporal envelope, and biphasic temporal envelope. 




33. Apparatus according to claim 30, further comprising means for mapping the activation 
profile of the portion. 



34. Heart ^ontrol apparatus according to claim 30, wherein the electrodes are suitable to be 



positioned externally to the body. 



35. Heart contrbl apparatus according to claim 30, said apparatus being suitable for 
controlling a parameter selected from the force of contraction, heart rate, stroke volume, 
chamber or aorufe pressure, or output flow. 

36. Heart control apparatus according to claim 3(vswherein the electrodes comprise at least 
one unipolar electrodeVad a housing which functions as a second electrode. 

37. Apparatus according to claW 30, comprising at least two electrodes, suitable to apply said 
non-excitatory>electric field across/at least one predetermined portion of the heart. 

38. Apparatus according to claim iOv comprisihg^ least three electrodes, wherein each pair 
of said at least three electrodes is selectively and separately electrifiable. 

39. Apparatus accofcjmg toplaim 30, coursing a sensor adapted to sense the activation of a 
portion of a heart, and field applicatiofi circuitry adapted to apply said field to the 
electrodes as a response to activation senseaSby said sensor. 



40. Apparatus according to claim 39, further comprising logic circuitry to calculate the 
application parameters of the electric field from thfe activation sensed by the sensor. 



41. Apparatus according to claim 40, wherein the appli< 
time from the sensed activation. 



ition parameters include the delay 



# • 

42. Apparatus according^ to claim 39, further comprising multiple sensors that sense 
independently or in a combined logic. 

43. Apparatus according to any one of claims 30 to 42, further comprising feedback control 
means to measure at least one physiological response to the electrification of the 
electtodes, and to modify the application parameters of the non-excitatory electric field as 

a result of said responses in order to maintain said responses within a predetermined 

\ 

range ofwalues. 

44. Apparatus kccording to any one of claims 30 to 43, further comprising synchronization 
circuitry, to V^br 01 ^ ^ application of the non-excitatory electric field to the pacing 
signal generated by a pacemaker wherein the pacemaker and the remainder of the 
apparatus are contained in a common housingand use common electrodes. 

45. Apparatus according\to ap/one of claims 30 to 43, further comprising synchronization 
circuitry, to synchronize the application Af the non-excitatory electric field to the 
defibrillating signal generated by a defibrillator wherein the defibrillator and the 
remainder of ih/ apparanjs are contained in a common housing and use common 
electrodes. 



46. Cardiac surgeify aiding apparatiis,/comprising citemtry for generating a non-excitatory 
electric field, ipd electrodes fo^a^plying to a heart or to a portion thereof said non- 
excitatory electric field, wherem s^id circuitry for generating a non-excitatory electric 
field generate a ^d^sf>^^^tude\sh^)e duty cycle, phase, frequency and duration 
suitable to control the electro-mechaniisal activity of the tissue in the area on which 
surgery is to be performed, and wherein said field is unable to generate a propagating 
action potential. 

47. Cardio-vascular surgery aiding apparatus, comprising circuitry for generating a non- 
excitatory electric field, and electrodes for applying to a heart chamber or to a portion 
thereof said non-excitatory electric field, wherein s^id circuitry for generating a non- 




\xcitatory electric field generate a field of a magrntude^nape, duty cycle, phase, 
'\quency and duration suitable to reduce the output flow, contractility, or pressure of said 
chataber, when surgery is performed on tissue perfused by the flow of said chamber, and 
wherein said field is such as to be unable to generate a propagating action potential, and 
thereafter performing the required surgical procedure on said area. 

48. Apparatus, according to claim 33, further comprising circuitry for modifying the 
conductionVvelocity in a non-arrhythmic segment of a heart portion. 

49. Apparatus according to claim 30, comprising circuitry for sensing the activation by 
sensing a valueNof a parameter of an ECG, and circuitry for estimating the activation time 
based on a delayValue associated with the value of the parameter. 

50. Apparatus according to claim 30, comprising means for electrifying the electrodes using a 
lgle signal which combines a pacing signal and a non-excitatory electric field. 



sins 



51. Apparatus according to 
coordinate the electrifies 



comprising conuralling means and memory means to 



of all the electrodes. 



52. A method of modifying the ac 
one implantable light source w 
cycles, over a peri od of less 
to a different site of the to 
light from the light 



or portion thereof, comprising providing 
generates pulses of light, for at least 1000 cardiac 
plurality of light sources each attached 
and a ^ave guide for providing non-damaging intensities of 
to at least one site of the heart. 



53. A method of modifying the activity oK the heart or a portion thereof, comprising 
irradiating the portion with radio frequence radiation synchronized to the activation of 
said heart or portion thereof, and repeating skd irradiation at at least 100 cardiac cycles, 
during a period of less than 1000 cardiac cycles 




55. 



# * 

A method of controlling, a heart, comprising applying a -non-excitatory electric field to a 
first portion of a chamber of said heart, such that a force of contraction of the first portion 
is lessened, and applying a non-excitatory electric field to a second portion of a chamber, 
such that a force of contraction of the second portion is increased. 

\ 

Apparatus for modifying the activity of a heart or portion thereof, comprising one 
implantable light source which generates pulses of light, for at least 1000 cardiac cycles, 
over a period of less than SOpO^yc^or-a^OuraUty of light sources each attached to a 



jpvcycle>- 
ad^fwave 
light from the tight source to at least o 



4iteof the 



heart 
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Apparatus for inochlfying the activity tof the heart or a portion thereof, comprising means 
for irradiating the portion witfc radid frequency radiation synched to the activation, and 
means for Repeating irradiating at at l^ast 100 cardiac cycles, during a period of less than 
1000 cardiac cycles. 



57. Heart conVrol apparatus compnsmg circuitry for applying a non-excitatory electric field to 
a first portio^oi^heart chambek such that a force of contraction of the first portion is 
lessened, and circuitry for applying^ non-excitatory electric field to a second portion of a 
chamber, such that a force of contraction of the second portion is increased. 

58. Apparatus according to claim 30, comprising circuitry for applying separate non- 
excitatory electric fields, independently or in synchronization with one another, to a 
plurality of subjortions of a heart, having each independently defined activations. 



